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A B S T R A C T
THIS ARTICLE EXAMINES THE
APPLICATION OF A VARIETY OF
MODALITIES TO ELICIT A POST-
ACTIVATION POTENTIATION (PAP)
RESPONSE IN SPRINTING. WE
PRESENT THE EXISTING LITERA-
TURE ON THE ACUTE EFFECTS OF
BACK SQUATS, POWER CLEANS,
PLYOMETRICS, AND SLED PULL-
ING ON SPRINT DISTANCES
RANGING FROM 5 TO 50 M. WE
ALSO DISCUSS AND PROVIDE AN
EXAMPLE OF HOWCOACHESCAN
ASSESS THE INDIVIDUAL EFFECTS
OF PAP PROTOCOLS ON THEIR
ATHLETES TO IDENTIFY WHETHER
A PROTOCOL ELICITS AN ACUTE
IMPROVEMENT OR IMPAIRMENT IN
PERFORMANCE. FINALLY, WE
PROVIDE PRACTICAL RECOM-
MENDATIONS ON HOW COACHES
CAN INCORPORATE THESE
METHODS INTO A SPRINT TRAIN-
ING SESSION.
INTRODUCTION
A
vast amount of research has
been performed illustrating
that the execution of certain
conditioning activities at maximal
or near-maximal intensities can acutely
enhance subsequent athletic perfor-
mance given sufficient recovery. This
phenomenon is known as postactiva-
tion potentiation (PAP) and its use
within the field of strength and condi-
tioning has grown rapidly as perfor-
mance enhancing effects have been
demonstrated within athletic move-
ments such as jumping (29,32) and
sprinting (28). There are several sug-
gested mechanisms behind PAP,
including the recruitment of higher
order motor units, increase in penna-
tion angle, and the phosphorylation of
myosin regulatory light chains (32).
Regardless of the mechanism involved,
the aim of incorporating PAP protocols
into an athlete’s training program is to
elicit an acute enhancement in
performance.
A coach wishing to use this phenom-
enon within their programming must
appreciate the relationship between
fatigue and potentiation. In simple
terms, for a protocol to be effective it
must provide a stimulus large enough
to initiate a state of fatigue and poten-
tiation within the muscle (3,25).
Although fatigue and potentiation co-
exist they do not dissipate at an equal
rate with fatigue declining at a faster
rate than potentiation. If the appropri-
ate recovery is provided the fatigue will
have dissipated, leaving the muscle in
a potentiated state only (32). An
enhanced performance is only possible
in this condition. Conversely, if there is
insufficient rest, the muscle will be in
a fatigued state and performance will
be impaired (3).
The ability to accelerate rapidly and
reach high levels of maximum velocity
is crucial to a number of individual and
team sports. In field sports such as soc-
cer and rugby for example, senior
international players possess signifi-
cantly greater acceleration abilities
than their junior counterparts (1,24).
Likewise in amateur level rugby league,
10, 20, and 30 m sprint ability is a key
discriminator of player level with the
players at the highest level being sig-
nificantly quicker over all distances
than players at lower levels (14).
Accordingly, coaches dedicate consid-
erable time into developing their ath-
lete’s sprinting abilities with chronic
improvements being reported from
a number of different modalities (24).
PAP protocols using back squats,
power cleans, plyometric exercises,
and sled pulls have the potential to
be incorporated into an athlete’s train-
ing program as part of formal sprint
sessions or in the case of a track
Address correspondence to Robin Healy,
robin.healy@ul.ie.
KEY WORDS :
sprinting; warm-up; acute enhance-
ment; assessment
Copyright  National Strength and Conditioning Association Strength and Conditioning Journal | www.nsca-scj.com 1
Copyright ª National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.
sprinter, as a precompetition warm-up
(19). In the former, the goal is to elicit
a performance enhancing effect that
will enhance the benefits derived from
sprint training whereas in the latter, the
goal is to directly improve competition
performance that is sprint time.
BACK SQUAT
The back squat is the most widely
studied conditioning activity used to
elicit a PAP effect on sprinting. The
majority of research has assessed the
effects of back squats performed at
heavy loads (.70% intensity) on dis-
tances ranging between 5 and 100 m
with no effect (11), enhanced perfor-
mance (6,21,22,26,37), and mixed re-
sults (3,10,20,36) all being reported
(Table 1).
McBride et al. (22) assessed the effects
of one set of 3 repetitions of heavy, 90%
of 1 rep maximum (RM) back squats
on sprint ability 4 minutes post warm-
up in male NCAA Division III football
players. Sprint times were assessed
over 10, 30, and 40 m with a significant
0.05 seconds (0.87%) improvement re-
ported over 40 m. No significant differ-
ences were found for 10 and 30 m.
Similarly, in a study by Chatzoupoulos
et al. (6), amateur team sport players
performed 10 and 30 m sprints 3 and
5 minutes after the completion of 10
single repetitions of back squats at
Table 1
A summary of studies investigating the acute effect of back squats on sprint performance
Study Subjects Study protocol Rest Results
McBride et al. (22) 15 male NCAA Division
3 football players
1 3 3 BS at 90% 1RM 4 min Y 40 m ST
No change in ST over 10 and
30 m
Chatzopoulos et al.
(6)
15 male amateur team
sports players
10 3 1 BS at 90% 1RM 3 and 5 min No change in 10 and 30 m ST
(3 min)
Y 10 and 30 m ST (5 min)
Yetter and Moir
(37)
10 strength trained
men
13 5 BS at 30%, 13 4 BS at 50%
and 1 3 3 BS at 70%
4 min [ 10–20 m average SV
[ 30–40 m average SV
No change in average SV over
0–10 m and 20–30 m
Comyns et al. (10) 11 male professional
Rugby Union players
Four separate sessions using
1 3 3RM BS
4 min Session 1: [ 30 m ST, YMV and
SV
Session 2–4: No change in ST,
MV, and SV
Bevan et al. (3) 16 male professional
rugby players
1 3 3 BS at 91% of 1RM 4, 8, 12 and
16 min
No change in ST over 5 and
10 m at any time interval
Linder et al. (21) 12 collegiate women 1 3 4RM BS 9 min Y 100 m ST
Crewther et al. (11) 9 sub elite male rugby
players
1 set of 3RM BS ; 15 s, 4, 8, 12,
and 16 min
No change in ST over 5 and
10 m at any time interval
Lim and Kong (20) 12 well-trained male
track athletes
1 set of 3 BS at 90% 1RM 4 min No change in ST over 10, 20,
and 30 m
Seitz et al. (26) 13 elite junior rugby
league players
1 set of 3 BS at 90% 1RM 7 min Y 20 m ST
[ 20 m SV
[ 20 m SA
Wyland et al. (36) 20 recreationally
resistance-trained
males
5 3 3 BS at 85% 1RM 2, 3, and 4 min No change in ST over 9.1 m
BS 5 back squats; MV 5 maximum velocity; RM 5 repetition maximum; SA 5 sprint acceleration; ST 5 sprint time; SV 5 sprint velocity.
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90% of 1RM. Sprint times were
unchanged after 3 minutes, however,
significantly faster 10 and 30 m times
were found after 5 minutes. More
recently a study by Seitz et al. (26)
involved rugby league players perform-
ing 20 m sprints after 1 set of 3 repe-
titions of back squats using a load of
90% of 1RM. Significant improvements
in sprint time (2.16 6 1.07%), average
velocity (2.25 6 1.11%), and average
acceleration (4.59 6 2.26%) were
found after a 7 minute recovery period
compared with baseline values.
In contrast to the above findings,
Bevan et al. (3) using a near identical
protocol (back squats using a load of
91% of 1RM) examined 5 and 10 m
performance in male professional
rugby players after 4, 8, 12, and 16
minutes. No significant improvements
were found at any time point, however,
when individual responses were taken
into account, that is the best perfor-
mance of each athlete, a significant
0.04 seconds reduction in sprint time
was found. The authors observed the
best 5 and 10 m times after 8 minutes in
47 and 53% of the subjects, respec-
tively, with the remainder of subjects
dispersed evenly among the other time
points. Lim and Kong (20) investigated
the effects of heavy (90% 1RM) back
squats on 10, 20, and 30 m perfor-
mance 4 minutes post warm-up in
well-trained male track athletes. No
significant differences were found in
any of the sprint distances however,
like Bevan et al. (3) the authors did
note large individual variations in re-
sponses with some athletes responding
positively after the conditioning activ-
ity and others not responding at all
highlighting the highly individual
nature of the PAP response.
Comyns et al. (10) investigated the
repeated exposure of 3RM back squats
performed 4 minutes before 30 m
sprints. Sprint time, instantaneous,
average, and maximum velocity were
assessed after the back squat protocol
on 4 separate occasions. A significant
increase in 30 m time (1.4%) along with
a reduction in maximum velocity (2%),
and average 30 m velocity (1.3%) were
found in the first session compared
with baseline. No significant improve-
ments were found for any of the testing
days in any of the sprint measures.
Interestingly, the authors did find sig-
nificant improvements in the pretest to
posttest changes from session 1 to ses-
sion 4 for instantaneous velocity at 20
and 30 m suggesting that athletes may
need to be exposed to a preload stim-
ulus on a number of occasions before
any potential benefits can be realized.
Similarly, Crewther et al. (11) exam-
ined the acute effects of a 3RM back
squat on 5 and 10 m sprint times.
Sprints were performed after ;15 sec-
onds, 4, 8, 12, and 16 minutes. No sig-
nificant improvements were reported
in sprint times at any of the time inter-
vals assessed. Linder et al. (19) inves-
tigated the acute effects of 4RM back
squats on 100 m sprint time. Sprints
were performed 9 minutes after the
back squat condition with a significant
0.19 seconds (1.2%) improvement
found in 100 m time compared with
baseline levels.
Yetter and Moir (37) evaluated the ef-
fects of a heavy squat protocol on
40 m sprint performance. Sprints were
performed 4 minutes after the back
squat protocol with average velocity
measured during each 10 m interval
of the 40 m sprint. Significant im-
provements were found in the
10–20 m interval (0.12 m/s) and the
30–40 m interval (0.18 m/s) only.
Authors noted considerable variation
in the subject’s responses with greater
improvements found in the 30–40 m
interval in stronger individuals (5.4%)
compared with weaker individuals
(1.4%). Recently, Wyland et al. (36)
compared the effects of 5 sets of 3
repetitions of back squats at 85%
of 1RM using standard isoinertial
resistance compared with accommo-
dating resistance. In the accommo-
dated resistance condition, 30% of the
total resistance came from elastic
band tension. In this study, recrea-
tionally resistance-trained men per-
formed 9.1 m sprints at baseline and
immediately, 1, 2, 3, and 4 minutes
after the PAP protocols. No significant
differences were found in either con-
dition compared with baseline across
all time points.
Based on the literature, sprint perfor-
mance (5–40m) can be acutely enhanced
if preceded by back squats performed at
heavy intensities (.90% 1RM) for 3 rep-
etitions provided athletes are given suffi-
cient rest periods (4–8 minutes). Coaches
should be conscious that the effectiveness
of PAP protocols using back squats will
depend on multiple factors such as
athlete strength level and the depth of
squat. Considerable variation can be
expected between athletes with respect
to the squat volume and amount of rest
required.
POWER CLEANS
To date, only 2 studies have assessed
the effects of power cleans (PCs)
on subsequent sprint performance
(14,26) (Table 2). In the study by
Guggenheimer et al. (14), athletes per-
formed PCs at 90% of 1RM before
completing a 40 m sprint. Sprint times
over 5, 10, and 40 m were recorded
after 3 minutes of rest. No significant
differences in performance were found
with the authors suggesting that possi-
bly insufficient rest or perhaps insuffi-
cient volume were responsible for the
lack of an effect. A recent paper by
Seitz et al. (26) assessed the effects of
an identical protocol on 20 m sprint
time in elite junior rugby league play-
ers. This study, however, used a 7
minute recovery time and found signif-
icant improvements (3.05 6 1.08%) in
20 m sprint time, average velocity
(3.22 6 1.15%), and average accelera-
tion (6.61 6 2.36%) compared with
baseline levels. Interestingly, these im-
provements were greater than those
observed after back squats (1 set of 3
repetitions) performed at 90% 1RM.
These studies suggest that improve-
ments in 20 m sprint performance
can be achieved using PCs performed
at 90% 1RM provided that sufficient
rest is given (;7 minutes).
PLYOMETRIC EXERCISES
There is a growing body of literature
assessing the use of plyometric exer-
cises to elicit a PAP response over 10
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and 20 m (5,31,33) and 50 m (4)
(Table 3). It has been suggested that
plyometric exercises have a greater
biomechanical specificity to sprinting
(e.g., similar ground contact times to
the acceleration phase etc.) compared
with conventional lifting movements.
Till and Cooke (31) investigated
whether 5 repetitions of double leg
tuck jumps combined with a dynamic
warm-up could improve 10 and 20 m
sprint performance. No significant
changes in performance were found
after 4, 5, and 6 minutes compared
with a dynamic warm-up alone. How-
ever, the authors did observe a variety
of individual responses with some
players responding positively and
others negatively to the conditioning
stimulus. Byrne et al. (5) assessed the
acute effects of a dynamic warm-up
combined with depth jumps on sub-
sequent 20 m sprint performance.
Depth jumps were performed from
a predetermined “optimal height” one-
minute before completing a 20 m
sprint. This optimal height was deter-
mined as the box height (0.20, 0.30,
0.40, 0.50, and 0.60 m) that resulted
in the highest jump height as long as
the ground contact time was below
0.250 seconds. The authors reported
a significant 2.93% (0.095 seconds)
reduction in 20 m time compared with
a dynamic warm-up only. In relation to
the individual athlete responses, 27 out
of the 29 athletes performed their best
sprint in the depth jump condition
compared with the dynamic warm-
up condition.
Similarly, Bonfim Lima et al. (4) exam-
ined whether depth jumps from
a height of 0.75 m would acutely
improve 50 m sprint performance. Ath-
letes were instructed to react as quickly
as possible once they made contact
with the ground. Fifty meter sprints
were performed 5, 10, and 15 minutes
after the depth jumps. Significant im-
provements were reported after 10 mi-
nutes (1.4%) and 15 minutes (2.4%)
compared with baseline values. Turner
et al. (33) compared the effects of
a plyometric protocol consisting of
alternate leg bounding in unweighted
and weighted (10% body mass) condi-
tions compared with a walking control.
Plyometric trained men performed
20 m sprints (with 10 m splits) before,
immediately, 2, 4, 8, 12, and 16 minutes
Table 3
A summary of studies investigating the acute effect of plyometric exercises on sprint performance
Study Sample Intervention Rest Results
Byrne et al. (5) 29 physically active
males
1 3 3 depth jumps 1 min Y 20 m ST
Till and Cooke
(31)
12 professional
academy soccer
players
1 3 5 double leg tuck jumps 4, 5, and 6 min No change in ST over 10 and
20 m at any time interval
Turner et al. (33) 23 plyometric-
trained men
3 3 10 alternate leg bounding in
weighted (10% BM) and
unweighted
;15 s, 2, 4, 8, 12,
and 16 min
Weighted: Y 20 m SV (15 s) [
10 and 20 m SV (4 and 8 min)
Unweighted: [ 10 m SA (4 min)
Bonfim Lima
et al. (4)
10 male sprinters 23 5 drop jumps (height of 0.75 m) 5, 10, and 15 min Y 50 m ST (10 and 15 min)
BM 5 body mass; SA 5 sprint acceleration; ST 5 sprint time; SV 5 sprint velocity.
Table 2
A summary of studies investigating the acute effect of power cleans on sprint performance
Study Sample size Intervention Rest Results
Guggenheimer et al.
(14)
9 male track and field athletes 13 3 PC at 90% 1RM 3 min No change in ST over 5, 10, and 40 m
Seitz et al. (26) 13 elite junior rugby league
players
13 3 PC at 90% 1RM 7 min Y 20 m ST
[ 20 m SV
[ 20 m SA
PC 5 power cleans; RM 5 repetition maximum; SA 5 sprint acceleration; ST 5 sprint time; SV 5 sprint velocity.
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after the conditions. A significant
mean improvement of 1.8 6 3.3%
was found in 10 m performance after
4 minutes in the unweighted condi-
tion compared with the control. The
weighted condition resulted in im-
provements in 10 and 20 m perfor-
mance after 4 minutes (2.2 6 3.1%
and 2.3 6 2.6% respectively) and
8 minutes (2.9 6 3.6% and 2.6 6
2.8% respectively). A significant
impairment in 20 m performance
(1.4 6 2.5%) however, was also
reported immediately after the
weighted plyometric condition. Indi-
vidualized PAP effects were once
again observed with ;52% of all ath-
letes performing their best trial after
8 minutes in the weighted plyomet-
ric trial.
Based on the above research, sprint
performance can be acutely improved
by the performance of depth jumps
and alternate leg bounding (weighted
and unweighted). The performance of
3 depth jumps can potentially improve
20 m performance after only 1 minute,
whereas 2 sets of 5 depth jumps
can improve 50 m performance after
10 and 15 minutes. Weighted and
unweighted bounding can be effective
after 4 minutes (10 m) and
4–8 minutes (10 and 20 m), respec-
tively. This is in line with the con-
clusions of Seitz and Haff (28) who
reported in a systematic review that
a greater PAP effect can be realized
earlier after the completion of a plyo-
metric conditioning activity compared
with traditional high or moderate
intensity activities. Coaches must be
aware that weighted plyometrics may
also impair sprint performance if
insufficient rest is provided.
SLED PULLING
It has been suggested that PAP re-
sponses may be dependent on the
biomechanical similarity of the condi-
tioning activity to sprinting (11,34)
(Table 4). To the authors’ knowledge,
only 2 studies have assessed the effects
of sprint style sled pulls on subsequent
sprinting performance (34,35). Whelan
et al. (34) reported no evidence of short
sprint (0–5 m and 0–10 m) performance
enhancement after the execution of
resisted sprints with a load of 25–30% of
body mass. In this study, 3 sled pulls
were completed over 10 m with 90
seconds of recovery between each
repetition. Five and 10 meter sprint
times were collected before the pro-
tocol and again after 2, 4, 6, 8, and
10 minutes of recovery. Winwood et al.
(35) assessed the effects of heavier load
sled pulls using 75 and 150% of body
mass after 4, 8, and 12 minutes on 5, 10,
and 15 m sprint performance. Small
positive effects were reported in the 75%
body mass load condition in 5, 10, and
15 m distances after 8 and 12 minutes,
however, only the 15 m sprint times
were found to be statistically significant
with an improvement of 0.02 seconds
observed. The authors did observe
a large degree of individual variability in
the decrement of sprint velocity as
a result of the 2 sled pull conditions. This
suggests that it may be a better approach
to prescribe load based on a pre-
determined decrement in sprint velocity,
however, this remains to be seen.
With a paucity of research regarding
the use of weighted sled pulling exer-
cises clear recommendations cannot
be made until further research is
undertaken on the acute PAP effects
on sprinting due to this specific condi-
tioning activity.
ASSESSING THE INDIVIDUAL
EFFICACY OF PAP PROTOCOLS
Several studies have highlighted that
due to the individual nature of the
PAP response conventional group sta-
tistics may not be able to discern pos-
itive effects (9,16,34). In response to
this, authors have recommended that
PAP protocols should be considered on
an individual basis (20,31). Indeed, it is
of primary interest to the coach to
know whether a protocol designed to
elicit an acute performance enhance-
ment is effective with their athletes
on an individual basis as opposed to
an overall group effect. With this
in mind, an athlete can be classified
as either a positive responder (perfor-
mance is enhanced postconditioning
activity), negative responder (perfor-
mance is impaired post-conditioning
activity), nonresponder (performance
is neither enhanced nor impaired) or
inconsistent responder (subsequent
performances are both enhanced and
impaired). To determine this, coaches
can perform their own in-house
research with their athletes. This will
involve estimating upper and lower
limits of variation based on an individ-
ual’s standard deviation or typical error
(TE) (17,18). TE represents the error or
variation in an athlete’s performance
from trial to trial. It is composed of
Table 4
A summary of studies investigating the acute effect of sled pulling on sprint performance
Study Sample size Intervention Rest Results
Whelan et al.
(34)
12 active males 3 3 resisted sled sprints over 10 m with
a load of 25–30% BM
2, 4, 6, 8, and
10 min
No change in ST over 5 and
10 m at any time interval
Winwood
et al. (35)
22 resistance-
trained rugby
players
7.5 m sled pulls using 75% of BM and
15 m sled pulls using 150% of BM
4, 8, and
12 min
Y 15 m ST
BM 5 body mass; ST 5 sprint time.
Strength and Conditioning Journal | www.nsca-scj.com 5
Copyright ª National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.
biological variation combined with
technological error (2,18). A threshold
of 1.5 times the TE has been proposed
as a realistic threshold for determining
if an individual’s observed change in
performance after a PAP protocol can
be considered a real change (17,18,34).
Using this method, an enhanced sprint
performance is considered only when
sprint times are equal to or below the
lower typical error limit, whereas an
impaired sprint performance is consid-
ered only when sprint times are equal
to or above the upper typical error
limit (15,34).
In Table 5 a coach is seeking to estab-
lish the effectiveness of a PAP protocol
in his/her athletes. Before the athletes
perform the PAP protocol, baseline
data must first be collected after a full
warm-up typical of that which they
would normally perform before an
acceleration session. If baseline data
from a previous testing day is used, it
may lead to erroneous results as vari-
ous factors (i.e., improvements due to
training, residual fatigue from the pre-
vious day’s training, lack of sleep
etc.) may have resulted in differences
between the athlete’s testing day per-
formance and their performance on the
current day. Three baseline short
sprints (,20 m) are sufficient provided
they are performed at maximal effort.
With these data the coach can then
calculate the mean sprint time for each
athlete along with the TE. A fully
worked example is provided below.
Mean performance is used instead of
best performance as it represents the
time an athlete would typically be
expected to complete 10 m on that
particular day. For several reasons
(i.e., lack of concentration or poor
motivation), it may not be possible
for the athlete to perform better than
their previous best performance on
every repetition after a conditioning
activity. From the above data
the thresholds for fatigue (impaired
performance) and potentiation (en-
hanced performance) can be esti-
mated by multiplying the TE by 1.5.
This value can then be added and sub-
tracted to the mean sprint time to get
the upper threshold (fatigue) and lower
threshold (potentiation) as illustrated
below in Table 6.
The Figure provides sample data of the
4 athletes from Table 5 after undergo-
ing a plyometric protocol adapted from
Byrne et al. (5) consisting of 3 depth
jumps followed by five 10 m sprints
with 2 minutes rest between sprints
within the same session as the baseline
sprints. Thresholds for enhanced per-
formance and impaired performance
are taken from Table 6.
The coach must then make a decision
whether the PAP protocol should be
implemented for each athlete. From
the Figure, it seems that athlete 1 is
a positive responder, athlete 2 is a neg-
ative responder, athlete 3 is a nonre-
sponder, and athlete 4 is an
inconsistent responder. Table 7 illus-
trates potential actions that can be
taken once the response type of an
athlete is known.
Athletes with large between trial differ-
ences will have larger TE values which
will in turn make it more difficult to
accurately detect enhanced and
impaired performances. Additional
baseline trials can be performed in an
attempt to reduce the TE and give
a mean that is a truer reflection of the
athlete’s abilities on that given day.
Poor trials or trials that the coach con-
siders “slow” should never be removed
unless there is justifiable cause to con-
sider them invalid, for example, the
athlete stumbles during the trial or de-
celerates early. If the thresholds remain
too large, the abovemethodmay not be
suitable for assessing PAP responses
until there is greater consistency in their
baseline performance.
PAP PROTOCOLS AND
GUIDELINES FOR SPEED
ENHANCEMENT
Before the implementation of PAP
complexes to enhance sprinting per-
formance the coach should adhere to
the guidelines presented in the previ-
ous section to assess if their athlete is
a responder to PAP. After this, PAP
complexes can be used in both training
and competition settings.
Sprinting is a highly technical motor
skill that requires focused practice
to develop efficient and effective
Table 5
Athlete baseline sprint times with mean performance and typical error (TE)
Athlete Trial 1 (s) Trial 2 (s) Trial 3 (s) Mean (s) TE (s)
1 1.8 1.77 1.79 1.79 0.02
2 1.72 1.75 1.73 1.73 0.02
3 1.74 1.7 1.73 1.72 0.02
4 1.77 1.75 1.78 1.77 0.02
Values within the table have been rounded to 2 decimal places.
Table 6
Athlete mean sprint times with 1.5 TE, upper, and lower thresholds
Athlete Mean (s) 1.5 TE Upper threshold Lower threshold
1 1.79 0.02 1.81 1.76
2 1.73 0.02 1.76 1.71
3 1.72 0.03 1.75 1.69
4 1.77 0.02 1.79 1.74
Values within the table have been rounded to 2 decimal places.
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movement patterns. If an athlete has
poor acceleration/maximum veloc-
ity sprinting technique, they are
more likely to benefit from addi-
tional technical work or drills as
opposed to a PAP training interven-
tion. The development of sprint
technique should remain the focus
until a desired level of competency
is reached. At this point the coach
can consider the addition of PAP pro-
tocols. It is worth noting that a greater
PAP effect has been reported in
resistance-trained individuals ($3
months) compared with untrained in-
dividuals (23). Similarly, stronger (rela-
tive 1RM back squat$2 3 body mass)
athletes have been found to potentiate
to a greater extent than their weaker
(relative 1RM squat #2 3 body mass)
counterparts (27,30). Suggested levels
of strength as outlined in the research
(relative 1RM back squat $1.5 3 body
mass) (7,22)may be considered as a pre-
requisite for using the back squat in
a PAP protocol with greater positive
effects being found at higher strength
levels (relative 1RM squat $2 3 body
mass). Consequently, coaches should
prioritize the development of maxi-
mum strength as part of an athlete’s
physical preparation.
From a training perspective, PAP com-
plexes can be used to acutely enhance
speed performance and thus, enhance
the training effect. The majority of
research in this area has been under-
taken on team sport players so the
guidelines on PAP complexes are more
relevant for this population group. Ex-
ercises such as the back squat and
power clean can be performed pro-
vided the athletes have the necessary
technical competence, especially with
the power clean. Although the use of
weightlifting derivatives to elicit PAP
effects have yet to be assessed in the
literature, movements such as the mid-
thigh clean pull could potentially pro-
vide the necessary stimulus as greater
peak force, power, and rate of force
development have been found in the
mid-thigh clean pull compared with
the hang and power clean (7,8). These
movements could provide a reasonable
alternative to the full weightlifting
movements if lifting proficiency is
low. If back squats or power cleans
are chosen, one set of 3 repetitions at
90% 1RM with a recovery period of at
least 5 minutes before the completion
of the sprinting activity should be suf-
ficient. The combination of lifting and
sprinting in the same session for team
sport players is logistically favorable as
it is difficult in the team setting to cover
all aspects of training due to both
heavy training and game schedules.
Covering 2 aspects of the strength
and conditioning program, that is
strength/power and speed, within
one session frees up time for other as-
pects of the program to be completed.
The sprinting activity that is incorpo-
rated into the PAP complex can be de-
signed to develop key speed
requirements of the team sport. This
would be particularly useful and rele-
vant during the main competitive sea-
son for the team. For example, in
Rugby Union, the sprinting activity
could involve the player changing pace
from jogging to sprinting on receiving
a pass and sprinting 15 m to score
a try. In soccer, the sprinting activity
could incorporate the ball and have
the players reacting to a pass and
accelerating onto the ball.
From the perspective of a track athlete,
certain conditioning activities can eas-
ily be incorporated into track warm-
ups before training and competition.
In particular, there is potential with
track sprinters to incorporate PAP
before competing. It may not always
Figure. Sample athlete sprint performance post plyometric PAP protocol with thresholds for enhanced performance (black broken
line) and impaired performance (grey broken line).
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be possible for athletes to perform bar-
bell exercises such as back squats or
power cleans given logistics (difficulty
accessing weights room) before com-
petition, thus plyometric exercises
such as depth jumps and bounding
can provide the necessary stimulus to
elicit an acute enhancement effect. The
use of such high intensity exercises
should only be used provided the ath-
lete possesses sufficient technical com-
petency and appropriate landing
mechanics. In the case of depth jumps,
coaches should experiment to try to
find the box height that is optimal for
their athletes.
Flanagan and Comyns (12) suggested
that the optimal box height can be
identified by performing depth jumps
using incremental box heights. The
box height yielding the highest reactive
strength index (height jumped divided
by ground contact time) is considered
optimal. This test can be accomplished
using a force platform, a high speed
video camera, photoelectric cells,
a contact mat or alternatively, an
iPad/iPhone application (My Jump 2)
(13). Once this has been determined
a suitable starting point would be one
set of 3 depth jumps with .1 minute
recovery. Alternatively if bounds are
performed, moderate rest intervals are
recommended (;4 minutes). The sug-
gestion here is for sprinters to incorpo-
rate plyometric exercises such as
bounding or depth jumps close to the
competition event to gain an enhance-
ment effect during the competitive per-
formance. Although the research
supports the use of these methods, fur-
ther research is still required in sprinters
to determine how various factors, such
as intensities, volumes and rest inter-
vals, modulate performance.
SUMMARY
Sprint performance (5–50 m) can be
acutely enhanced by PAP protocols if
appropriately implemented. The selec-
tion of a conditioning activity will
depend on the equipment/facilities
available in addition to the technical pro-
ficiency of the athlete in sprinting, lifting,
jumping, and landing. Coaches should
attempt to carry out their own in house
research to determine the suitability of
specific PAP protocols for their individ-
ual athletes. Plyometric exercises are rec-
ommended for sprint athletes to include
in their precompetition warm-up to
acutely enhance performance. If techni-
cal proficiency is not an issue, athletes
can incorporate heavy load (90%) back
squats and power cleans into their sprint
training session provided adequate
recovery is provided (4–8 minutes).
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